In this paper, a new lifetime family of distribution called new family of Kies Burr III (NFKBIII) distribution is developed from T-X family technique. The NFKBIII distribution is very flexible and its hazard rate function accommodates various shapes such as increasing, decreasing, increasing-decreasing-increasing and bathtub. The density function of the NFKBIII is arc, J, reverse-J, U, bimodal, left-skewed, right-skewed and symmetrical shaped. Some structural and mathematical properties including quantiles, sub-models, ordinary moments, moments of order statistics, incomplete moments, mean deviations, inequality curves, residual life functions and reliability measures are derived. Two characterizations for the NFKBIII distribution are studied. The maximum likelihood estimates (MLE) for unknown parameters of NFKBIII distribution are obtained. A simulation study is performed to evaluate the behavior of the maximum likelihood estimators. The NFKBIII distribution is applied to two real data sets to illustrate its potentiality and utility. The adequacy of the NFKBIII distribution is tested via different goodness of fit statistics.
INTRODUCTION
Many univariate continuous distributions have been established in recent decades but many data sets from reliability, life testing, risk analysis, finance, ecology, climatology, geology, hydrology and other fields do not fit to these distributions. Therefore, applications of the modified distributions to problems in these fields are a vibrant necessity of day.
The modified, generalized and extended distributions are attained by adding one or more parameters or the introduction of some transformation to the parent distribution. Therefore, the new proposed distributions provide best fit than the sub and competing models.
Burr [1] proposed a family of 12 distributions by fitting cumulative frequency functions to frequency data called Burr family. Burr distributions III, VI, X and XII have wide applications. Burr-III (BIII) distribution is commonly applied to model risk data in business and finance, crop rice in market, failure time data in life testing and reliability and ozone data in environmental sciences.
Many modified, generalized and extended types of BIII distribution are presented in statistical literature such as two parameter family of distributions (Mielke; [2] ), inverse Burr (Kleiber and Kotz; [3] ), BIII type (Gove et al.; [4] ), extended Burr III (Shao et al.; [5] ), Dagum (Benjamin et al.; [6] ) modified BIII( Ali et al.; [7] ), McDonald BIII (Gomes et al.; [8] ), interpolating family (Sinner et al.; [9] ), mixture of two BIII (Moisheer; [10] ), generalized gamma BIII (Olobatuyi et al.; [11] ), four parameter gamma BIII (Cordeiro et al.; [12] ), odd BIII family (Jamil et al. [13] ), Kumaraswamy odd Burr G family (Nasir et al. [14] ) and generalized BIII (Kehinde et al.; [15] ).
Marshall and Olkin [16] presented a new technique to add a parameter to a family of distribution. Cordeiro and Castro [17] established Kumaraswamy generalized family with its distributional properties. Alizadeh et al. [18] studied Burr generalized family with various properties. Cordeiro et al. [19] developed generalization of odd loglogistic family with properties. Haghbin et al. [20] presented a new generalization odd log-logistic family of distributions. Korkmaz and Genç [21 and 22] studied generalized two-sided class of distributions along with applications. Cordeiro et al. [23] studied a new family based on the Burr XII density with detailed properties. Alizadeh et al. [24] studied odd log-logistic logarithmic class of continuous distributions. Yousof et al. [25] developed Burr Hatke-G family of distributions. Korkmaz et al. [26] presented the Weibull Marshall-Olkin family along with properties.
The main motivation of this article is to develop and study a flexible lifetime family of BIII type distribution with two extra shape parameters and two location parameters called the NFKBIII distribution. The shapes of NFKBIII density are arc, J, reverse-J, U, bimodal, left-skewed, right-skewed and symmetrical shapes. The hazard rate function for the NFKBIII distribution has various shapes such as increasing, decreasing, increasing-decreasingincreasing and bathtub. The NFKBIII distribution is the best model for modeling data such as times to failures of items in life testing, maximum annual flood discharges in hydrology and other various fields. The NFKBIII distribution offers better fits than sub and competing models.
The article is organized follows. In Section 2, the NFKBIII distribution is derived from T-X family technique, transformation and compounding mixture of distributions. Structural properties, quantile function, sub-models and various plots for density and hazard rate functions are discussed. In Section 3, ordinary moments, moments of order statistics, incomplete moments, mean deviations, inequality curves, residual life functions and reliability measures are derived. The characterizations for the NFKBIII distribution are studied in Section 4. In Section 5, the maximum likelihood estimates (MLEs) for unknown parameters of the NFKBIII distribution are obtained. In Section 6, a simulation study is performed to assess the behavior of the maximum likelihood estimators. In Section 7, the potentiality and utility of the NFKBIII distribution is illustrated via its applications to two real data sets: times to failures of devices and maximum annual flood discharges. The adequacy of the NFKBIII distribution is tested via different goodness of fit statistics. The ultimate comments are given in Section 8.
DEVELOPMENT OF NFKBIII DISTRIBUTION
The cumulative distribution function (cdf) of the generalized uniform distribution is given by   ( ; , , ) ,
The odds ratio for the generalized uniform random variable X is
Gurvich et al. [27] replaced 'x' with odds ratio in the Weibull distribution for the development of a class of extended Weibull distributions. Alzaatreh et al. [28] developed the cdf of the T-X family of distributions as
where
Gx and   rtis the pdf of a non-negative random variable.
Bourguignon et al. [29] inserted the odds ratio of a baseline distribution in place of 'x' in the cdf of the Weibull distribution for the development of a new family of distributions.
The NFKBIII is developed by inserting the odds ratio for the generalized uniform in place of 'x' in the cdf of MBIII distribution. The cdf for the NFKBIII distribution is obtained as
where , , , , ab    and  are positive parameters of which , abare location parameters and ,,and     are shape parameters. Clearly,
 
Fxis a strictly increasing and differential cdf on (a, b).
The pdf of the NFKBIII distribution is
Transformation and Compounding
The NFKBIII model is also developed via (i) transformation between the ratio of exponential and gamma random variables and (ii) compounding generalized inverse Kies (GNIK) and gamma distributions. 1~, , , , , .
(i)
(ii) Let X be a random variable with GNIK distribution i.e.
 
; , , , , ,
X GNIK x a b     and  be a random variable with gamma distribution, i.e.
; , gamma     , then after simplifying the integral,
X NFKBIII a b    
Structural Properties
The survival, hazard, cumulative hazard, reverse hazard functions and the Mills ratio of a random variable X with the NFKBIII distribution are given, respectively, by
The elasticity     lnF( ) , ln dx e x xr x dx
The quantile function of NFKBIII distribution is
and its random number generator is
where the random variable Z has the uniform distribution on   0,1 . 
Sub-Models
The NFKBIII distribution has applications in life testing, reliability concept, survival analysis and hydrology. The NFKBIII distribution has the subsequent nested models ( Table 1) . Fig.1 shows that the shapes of the NFKBIII density are arc, J, reverse-J, U, bimodal, left-skewed, right-skewed and symmetrical (Fig.1) . The shapes of failure rate function for the NFKBIII distribution are increasing, decreasing, increasing-decreasing-increasing and bathtub (Fig.2) .
Plots for the NFKBIII Density and Hazard Rate Functions

MATHEMATICAL PROPERTIES
Some descriptive measures for the NFKBIII distribution such as ordinary and incomplete moments, inequality curves, means deviations, residual life functions and reliability measures are established in this section.
Moments of the NFKBIII Distribution
The r th moment about origin of X with the NFKBIII distribution is 
where  
is Pochhammar symbol.
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The factorial moments  
 is Stirling number of the first kind.
The Mellin transform is used to obtain moments of a probability distribution. By definition, the Mellin transform is
The Mellin transform of X with the NFKBIII distribution is
The r th moment about means, Pearson's measures for skewness and kurtosis, moment generating function and cumulants of X for the NFKBIII distribution are attained from the relations Table 2 displays the numerical descriptive measures such as median, mean, standard deviation, skewness and kurtosis of the NFKBIII distribution for carefully chosen parameter values to describe their effect on these descriptive measures.
Moments of Order Statistics
Moments of order statistics have uses in life testing and reliability. Moments of order statistics are also aimed to anticipate the failure of future items obtained after few initial failures.
The pdf for m th order statistic m:n
The pdf of m:n 
Incomplete Moments
Bonferroni and Lorenz curves can be easily computed using first incomplete moment. The life testing features such as residual life and mean inactivity life functions can be obtained from incomplete moments. The lower incomplete moments for the random variable X with the NFKBIII distribution are 
where   z ;.,. B is incomplete beta function.
The upper incomplete moments for the random variable X with the NFKBIII distribution are
The mean deviation about the mean is 
Residual Life functions
The n th moment   n mz of residual life for X with the NFKBIII distribution is
The residual life (MRL) function 
The n th moment of reverse residual life
The waiting time z for the failure of a component has passed with condition that this failure had happened in the interval [0, z] is called mean waiting time (MWT) or mean inactivity time. The waiting time z for the failure of a component of X with the NFKBIII distribution is defined by , 
is reliability in multicomponent stress-strength model (Bhattacharyya and Johnson; [33] ).
CHARACTERIZATIONS
In this section, two essential characterizations for the NFKBIII distribution are planned via: (i) conditional expectation and (ii) ratio of truncated moments.
Characterization Based on Conditional Expectation
Here the NFKBIII distribution is characterized via conditional expectation. 
Differentiate (30) with respect to t, we achieve
After simplification and integration, we work out
Characterization of the NFKBIII Distribution through Ratio of Truncated Moments
The NFKBIII distribution is characterized using Theorem G (Glänzel; [34] ) from a simple relationship between two truncated moments of functions of X. 
. According to theorem G, the random variable X has 
Remarks 4.2.1: The solution of (31) is
where D is constant.
MAXIMUM LIKELIHOOD ESTIMATION
In this section, parameters estimates are derived using maximum likelihood method. 
where a and b are assumed to be known, since its minimum and maximum likelihood are equal to minimum and maximum order statistics. The MLEs of the parameters for the NFKBIII distribution can be computed from the simultaneously solution of the following nonlinear equations: 
The above equations 33-36 can be solved either directly or using the R (optim and maxLik functions), SAS (PROC NLMIXED) and Ox program (sub-routine Max BFGS) or using non-linear optimization approaches such as the quasi-Newton procedure.
Simulation Study
In this section, the behavior of the MLEs of the NFKBIII parameters is assessed with respect to sample size n. The steps for simulation to assess the behavior are as follows. Generate 10000 samples of sizes n from the NFKBIII distribution using the inverse cdf method. Calculate the MLEs for 10000 samples, say For this purpose, we have chosen various arbitrarily parameters and n=50,100,150 sample sizes. All codes are written in R and the results are summarized in Table 3 . The results clearly show that when the sample size n increases, the estimated MSE decrease and estimated biases drop to zero. MSE of estimated parameters increases, as shape parameter rises. This reveals that MLEs for NFKBIII distribution are reliable.
APPLICATIONS
The potentiality and utility of use of NFKBIII distribution is established by applying it to two data sets: failure times of devices (Aarset, [35] 1, 1, 1,1, 1, 2, 3, 6, 7, 11,  12, 18, 18, 18, 18, 18, 21, 32, 36, 40, 45, 46, 47, 50, 55, 60, 63, 63 Table 5 .
The NFKBIII distribution is best fitted than KMBIII, NKBIII, KBIII, NIKL, KIL, MBXII, BXII, MBIII, BIII, Weibull and inverse Weibull distributions because the values of all criteria are smaller for the NFKBIII distribution. We can identify that the NFKBIII distribution is closer fit to empirical data (Fig. 3). 
Maximum Annual Flood Discharges:
The data for 47 years of the North Saskachevan River (Edmonton) about maximum annual flood discharges (1000 ft 3 Table 7 .
The NFKBIII distribution is best fitted than KMBIII, NKBIII, KBIII, NIKL, KIL, MBXII, BXII, MBIII, BIII, Weibull and inverse Weibull distributions as the values of all criteria are smaller for the NFKBIII distribution. We can identify that the NFKBIII distribution is closer fit to empirical data (Fig. 4) .
CONCLUDING REMARKS
We have derived the NFKBIII distribution from the T-X family technique, transformation and compounding mixture of distributions. The NFKBIII density has arc, J, reverse-J, U, bimodal, left-skewed, right-skewed and symmetrical shapes. The hazard rate function for the NFKBIII distribution has various shapes such as increasing, decreasing, increasing-decreasing-increasing and bathtub. Different statistical properties such as quantile function, sub-models, ordinary moments, moments of order statistics, incomplete moments, mean deviations, inequality curves, moments for residual life functions and reliability measures have derived. Two characterizations of the NFKBIII distribution have studied. The maximum likelihood estimates (MLE) for unknown parameters of NFKBIII distribution have computed. A simulation study has accomplished to evaluate the behavior of the maximum likelihood estimators. The potentiality and utility of the NFKBIII distribution has demonstrated via its applications to times to failures of 50 devices and maximum annual flood discharges. The adequacy of the NFKBIII distribution is tested via different goodness of fit criteria. The goodness of fit statistics has shown that the NFKBIII distribution is best fit model. We have displayed that the NFKBIII distribution is empirically best for lifetime applications. Email address: fiazahmad72@gmail.com (Fiaz Ahmad Bhatti).
